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Abstract
Wound healing in African catfish, Clarias gariepinus, fed diets supplemented with ascorbic acid
was studied under laboratory conditions. Fish weighing approximately 80-110 g were stocked in
500 l aquaria in a static water system and fed one of five test diets containing different levels of
microencapsulated ascorbic acid (0, 0.06, 0.10, 0.30 and 0.70 g AsA/100 g feed). After two weeks,
all experimental fish were wounded by making a 1 x 1 cm dorso-lateral incision above the lateral
line of the fish. Wounded tissues were sampled for histopathological analysis 4, 8, 24, 48 and 96
hours, 6, 8, 10, 12 and 14 days after making the incision. There were significant differences in
weight gain, specific growth rate (SGR) and feed conversion ratio among the dietary treatments.
Weight gain and SGR of fish fed the ascorbic acid free diet were lower than those of fish fed diets
supplemented with ascorbic acid. The wound healing response showed a direct correlation to
ascorbate level in the diet. Fibroblasts were present at 96 h irrespective of the ascorbic acid level.
As 14 days, fish fed no ascorbic acid had some regeneration of muscle tissues, whereas fish fed
diets containing supplemental ascorbic acid had a normal epidermis, dermis and muscle structure.
There was no mortality during the experimental period, and fish fed ascorbic acid free diets did not
exhibit any deficiency signs. Results of this study indicate that about 0.10-0.70 g AsA/100 g feed
is needed for wound repair in African catfish.
*  Corresponding author. Email: gep@aqd.seafdec.org.ph
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crude protein) for two weeks. After this
acclimatization, 11 individuals were stocked in
each of 15 randomly arranged glass aquaria
(500 l capacity) in a static water system. The
system was aerated and totally covered with
black plastic to minimize the aggressive behav-
ior (cannibalism) of the catfish. The aquaria
were cleaned daily to minimize algal and fungal
growth that could provide a source of ascorbic
acid (Lim and Lovell, 1978). Water temperature
ranged from 28 to 30°C.
Diet preparation and feeding. Five isoni-
trogenous and isocaloric diets were prepared
after the Universiti Putra Malaysia (UPM) for-
mulation for catfish diet (Table 1). The experi-
mental diets (Diets 2-5) were supplemented
with various levels (0.06, 0.10, 0.30 and 0.70
g/100 g) of microencapsulated ascorbic acid
(ENCAP C). The basal (unsupplemented) diet
served as the control. The ingredients were
homogenized using a Hobart mixer, pelleted
and air dried. The dry diets were sealed in black
plastic bags and stored at -10°C. Prior to feed-
ing, the diet was removed from the storage
freezer and kept in a refrigerator (3-4°C).
Proximate analysis of the diets was according
to AOAC (1984) standard methods. The catfish
were fed twice daily at 3% of their body weight
for 28 days. One half of the ration was given at
08:00 and the other half at 17:00. 
Wounding and sampling. After two weeks
of feeding with the test diets, the catfish were
wounded, using the modified technique used
by Jauncey et al. (1985). Each fish was anes-
thetized with tricaine methanesulfonate (MS
222, 100-200 ppm) for 5-10 minutes prior to
making the incision. A 1 x 1 cm dorso-lateral
incision above the lateral line was made with a
number 22 surgical blade. All fish were
wounded on the same day.  Feeding continued
for 28 days. Sequential histopathological
changes were studied wherein three fish from
each treatment were sacrificed 4, 8, 24, 48,
and 96 hours and 6, 8, 10, 12, and 14 days
after wounding. The wounds and about 2 mm
of the surrounding tissue were excised from
the fish and fixed in 10% buffered formalin.
The tissue was decalcified in 4N formic acid for
12 h, processed, embedded in paraffin wax,
sectioned at 5 µm, and stained with hema-
Introduction
African catfish, Clarias gariepinus, is one of
the most popular freshwater fishes cultured in
southeast Asia. It is a fast-growing omnivore
that matures and reproduces in captivity
throughout the year. It is readily accepted in
local markets and has excellent culture char-
acteristics such as easy reproduction, high
fecundity, good feed conversion rate, high tol-
erance to a wide range of environmental con-
ditions and high resistance to stress and
infections.
Ascorbic acid (vitamin C) is an essential
water-soluble vitamin for fishes (Lim and Lovell,
1978; Halver, 1979; MacConnell and Barrows,
1993). It is a cofactor in the transformation of
proline to hydroxyproline, which is a constituent
of collagen and thus necessary for the forma-
tion of connective tissues, bone matrix and scar
tissue in wound repair (Halver, 1982; Jauncey
et al., 1985). It plays an important role in wound
healing in coho salmon and rainbow trout
(Halver et al., 1969), channel catfish (Lim and
Lovell, 1978) and tilapia (Jauncey et al., 1985).
However, this vitamin is very unstable and eas-
ily affected by temperature, oxygen, pH, light
and time (NRC, 1983). Studies on wound heal-
ing have been performed on coldwater fishes
(Halver et al., 1969, 1975; Halver, 1972) and
warmwater fishes such as channel catfish,
Ictalurus punctatus (Lim and Lovell, 1978) and
cultured tilapia, Oreochromis niloticus
(Trewavas; Jauncey et al., 1985).
The present study aimed at determining the
effect of microencapsulated ascorbic acid
(ENCAP C) on simple wound healing in C.
gariepinus through sequential histopathology.
Materials and Methods
Experimental animals, facilities and rearing
methods. Samples of African catfish (body
weight 80-110 g) were obtained from
Beranang, Selangor, Malaysia. These were
stocked in a 1 ton tank for acclimation, and
treated with potassium permanganate (10
ppm, 30 minutes) as a prophylaxis against bac-
terial, fungal and parasitic infestations
(Mahajan and Agrawal, 1980). To deplete
ascorbate in their tissues, the experimental fish
were fed an ascorbic acid free basal diet (38%
toxylin and eosin (Humason, 1979) for histo-
logical analysis.
Statistical analysis. Experimental data
were statistically evaluated using one-way
analysis of variance and Duncan’s multiple
range test to determine differences among
means (p<0.05) of weight gain, feed conver-
sion rate and specific growth rate (SAS, 1982). 
Results
The structure of catfish skin, described by
Grizzle and Rogers (1976), consists of three
layers: the epidermis, the dermis and the hypo-
dermis. The epidermis is a stratified squamous
epithelial layer comprising the mucus cells or
goblet cells and large eosinophilic club cells.
The dermis lies beneath the epidermal layer
and is divided into stratum compactum and
stratum spongiosum. The hypodermis consists
of a fine network of loose connective tissues
beneath the stratum compactum and muscle
tissues.
Results show that there was an apparent
migration of epidermis passing in and under
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Treatment
1 2 3 4 5
Ingredient (g/100 g dry diet)
Fish meal 50 50 50 50 50
Soya bean flour 28 28 28 28 28
Corn flour 10 10 10 10 10
Wheat flour 7 7 7 7 7
Tapioca 3 2.94 2.90 2.70 2.30
Vitamin premix 1 1 1 1 1 1
Mineral mix 2 1 1 1 1 1
Ascorbic acid 3 0 0.06 0.10 0.30 0.70
Total 100 100 100 100 100
Proximate analysis (%)
Crude protein 51.9 51.3 50.9 50.7 50.7
Crude fat 5.6 5.6 5.5 5.4 5.4
Crude fiber 8.3 8.4 8.4 8.7 8.6
Ash 9.1 9.1 8.9 8.7 8.6
NFE 25.1 25.6 26.3 27.0 27.1
1 Vitamin premix (g per 100 g): vitamin K3 0.5, choline 25, niacin 5, riboflavin 1, pyridoxine 1, thi-
amine 1, calcium D-pantothenate 2.5, biotin 0.001, folacin 0.25, vitamin B12 0.001.  The follow-
ing vitamins were supplied in IU/100g: vitamin A 275,000 IU, vitamin D 55,000 IU, vitamin E 2500
IU.
2 Mineral mix (g/100 g): Mn 4.5, Zn 15.7, Fe 10.0, I 0.119, Cu 1.5.
3 An encapsulated commercial ascorbic acid (ENCAP C) produced by Gold Coin, Singapore. 
Table 1.  Composition of experimental diets.
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Fig. 1. Section of migrating epidermis (arrow) four hours after wounding. The dermal layer (d)
was spongiotic.
the dermis to cover the denuded tissues at 4 h
(Fig. 1). There was extensive spongiosis of the
dermal layer. Hemorrhages occurred between
muscle bands but with no apparent external
hemorrhages on the skin. Myopathy was seen
at and around the site of the wound and a few
macrophages were found in the injured area.
After 8 h, the migrating epidermis joined the
breach and became spongiotic. Active
myophagia were observed. At 24 h, the newly
joined epidermis had thickened but the dermal
layer remained spongiotic (Fig. 2). The reunit-
ed epidermis at the wound site had an irregular
surface and the muscle tissues were fragment-
ed.
In tissues of fish fed diets without ascorbic
acid, the epidermis was detached from the der-
mal layer surrounding the wound until 48 h. In
contrast, in fish fed diets supplemented with
ascorbic acid, there was no apparent separa-
tion of the dermal and epidermal layers. The
injured muscles were regenerating.
At 96 h after wounding, the reunited epider-
mis at the wound site was attached to the der-
mal layer. Light fibroblast proliferation was
seen in the dermal layer. Atrophic muscle
fibers were also present. In all tissues of fish
fed diets with ascorbic acid the fibroblastic
response was heightened, with a proliferation
of the collagen fibers, epidermal thickening
(Fig. 3) and presence of club and mucus cells,
whilst in the dermal region large clumps of
sequestered melanin pigments were fully
restored and granulation tissue was observed.
There was also an irregular arrangement of
fibroblasts in the dermal layer extending to join
fibrous replacement tissues in the underlying
muscle layer. The hypodermal layer remained
incomplete.
At 6 days, the epidermis and dense dermal
layer were well united but the dermis still con-
tained numerous fibroblasts at the wound site.
Melanin pigments were also present in fish fed
the diet without supplemental ascorbic acid.
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Fig. 2. Presence of large epidermal cells (ec) at 24 hours with spongiotic dermal (sd) layer.
Fig. 3. Wound at 96 hours (fish fed 0.30 mg ascorbic acid/100 g feed). Epidermal thickening (long arrow),
melanin pigmentation (wide arrow).
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Extensive areas of muscle atrophy were also
present in the wound area. There was a well-
defined border between incised and newly
regenerated muscle fibers in fish fed 0.06 g
AsA. Granulation tissues became more com-
pact with the disappearance of macrophages.
There was an apparent external scar on the
wound of fish fed 0.70 g AsA when fibroplasias
took place, forming a mesh of collagen in the
healing wound (Fig. 4). Large aggregations of
melanin were present in the epidermal layer
with a well-defined border between incised and
newly regenerated muscle fibers.
The epidermal surface was smooth and
paved on day 8. Fibroblasts were found in the
hypodermal area in fish fed the diet without
ascorbic acid. Muscle fibers beneath the der-
mis were still regenerating and were imma-
ture, whereas in fish fed diets supplemented
with ascorbic acid, melanin pigment was also
present and the dense collagen had been
replaced with light collagen fibrils. New mus-
cle bundles became more distinct and exten-
sive.
Ten days after wounding, the epidermal
layers thickened due to an increase in the
malpighian cell numbers and abundance of
mucus and club cells. The wound of fish fed the
diet supplemented with 0.06 g ascorbic acid
was clearly reinstated with the presence of
fibroblasts at the cut edge of the dermal layer;
there were melanin pigments beneath the epi-
dermal layer (Fig. 5).
At 12 days after wounding, the granulation
tissue had mostly disappeared. The hypoder-
mal layer in fish fed the 0.06 g AsA/100 g feed
feed was partially repaired. Muscle tissues
were regenerating, though immature.
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Fig. 4. Healing wound at 6 days (fish fed 0.70 g ascorbic acid/100 g feed). The granulation tissue con-
tains delicate regenerating collagenic fibers along the cut collagenous dermal layer (arrows).
After 14 days, the epidermal layer, irre-
spective of ascorbic acid levels, healed to nor-
mal, including the skin where the wound was
inflicted. Mucus and club cells were abundant.
Muscle tissues of fish fed the diet without sup-
plemental ascorbic acid were still regenerating
(Fig. 6) while those fed diets with ascorbic acid
were normal in structure (Fig. 7).
Table 2 shows the weight gain, feed con-
version ratio and specific growth rate of fish fed
diets with or without supplemental ascorbic
acid. Mean weight gains and specific growth
rates increased significantly with increases in
ascorbic acid level of the diets. Differences
were significant in weight gains of fish fed
ascorbic acid (36.04±3.78-43.65±0.16) and
fish fed no ascorbic acid (32.62±1.75). Fish fed
no ascorbic acid had lower food conversion
(2.58±0.14) than fish fed diets supplemented
with ascorbic acid. No signs of pathology were
observed in fish fed ascorbic acid deficient
diets.
Discussion
Wound healing experiments have been carried
out in rainbow trout (Halver et al., 1969), chan-
nel catfish (Lim and Lovell, 1978) and Nile
tilapia (Jauncey et al., 1985). These workers
found that wound healing is impaired in fish fed
ascorbic acid free diets, whereas fish fed diets
with dietary ascorbic acid had more rapid and
complete wound healing.
Ascorbic acid has important biological and
metabolic functions, particularly in the biosyn-
thesis of collagen. Healing of wounds is char-
acterized by synthesis of collagen (Ashley et
al., 1975). It is well established that ascorbic
acid is required for the hydroxylation of prolyl
and lysyl residues during collagen biosynthesis
(Sato et al., 1982). The results of the present
study indicate that fish given diets with ascorbic
acid have denser collagen and more fibrous
granulation tissue at the epidermal and dermal
layers than fish fed diets without ascorbic acid.
Thus, the delay in wound healing in fish fed
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Fig. 5. Healing wound at 10 days (fish fed 0.06 g ascorbic acid/100 g feed). The epidermis is clearly rein-
stated and collagen fibrils (wide arrow) appear at the cut edge of the dermal layer. Melanin pigments (thin
arrow) are present.
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Fig. 6. At day 14 (fish fed no ascorbic acid), muscle fibers (arrow) are still regenerating.
Fig. 7. At day 14 (fish fed 0.06 g ascorbic acid/100 g feed), normal muscle structure (m) is restored.
ascorbic acid free diets can be attributed to the
induced collagen synthesis. These results con-
form with findings in coho salmon (Halver et al.,
1969), rainbow trout (Halver, 1972), channel
catfish (Lim and Lovell, 1978) and tilapia
(Jauncey et al., 1985). 
The histopathology of wound healing in fish
fed ascorbic acid has been described in coho
salmon (Halver et al., 1969), rainbow trout
(Halver, 1972), channel catfish (Lim and Lovell,
1978) and tilapia (Jauncey et al., 1985). Healing
of wounds starts with migration of epithelial cells.
In this study, the complete closure of the incision
took four hours, as opposed to five hours in the
experiments of Jauncey et al. (1985). The epi-
dermal closure of the wound is important in the
prevention of fluid loss by the tissues which may
cause an osmoregulation imbalance that allows
bacterial penetration (Bereiter-Hahn, 1986).
Rapid epidermal covering of wounds is also nec-
essary for the early appearance of mucus cells
within the healing epidermis; these mucus cells
may have antibodies for the immune system
(Fletcher and Grant, 1969).
Epidermal thickening above the wound is
typical for wound repairs. This precedes the
repair of dermal collagen. Melanin pigments in
catfish skin occurred concurrently with repair of
the dermis at 96 h irrespective of ascorbic acid
levels. Iger and Abraham (1990) presumed
that melanin from the dermal melanocytes has
a bacterial-infection preventive role after
wounding. Ellis (1977) also reported that
melanin granules, free or in macrophages, may
have bactericidal properties. The repair of the
injured epidermis was completed before the
repair of the dermis; this could be explained by
considering the role of the basement mem-
brane and dermal fibers during regeneration
(Jauncey et al., 1985). 
In this study, pathological changes were
observed in the muscle sections irrespective of
ascorbic acid levels. There was muscle atro-
phy in C. gariepinus fed diets deficient in ascor-
bic acid, though none in fish fed diets with sup-
plemented ascorbic acid. Similar findings have
been reported by other authors, revealing that
the effects of trauma in wound healing were
apparent enough to make muscle atrophy and
lesion extensive (Halver et al., 1969; Halver,
1972; Ashley et al., 1975; Lim and Lovell,
1978). 
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Treatment Initial weight Final weight Weight gain1 SGR2 FCR3
(g) (g) (%) (%)
1 84.13±0.48a 111.57±2.60a 32.62±1.75a 1.0±0.06a 2.58±0.14a
2 85.30±0.78a 116.04±2.50a 36.04±3.78ab 1.1±0.07a 2.38±0.26ab
3 88.68±1.21b 121.34±0.67b 36.83±1.90abc 1.12±0.02abc 2.29±0.12ab
4 89.05±0.30b 124.65±0.24bc 39.97±0.73abc 1.21±0.02bc 2.10±0.04ab
5 89.99±0.14b 129.28±0.33c 43.65±0.16c 1.3±0.09c 1.92±0.01b
Values within a column sharing the same superscript are not significantly different at p<0.05.
1 Weight gain (%) = (final wt - initial wt)/initial wt × 100
2 Specific growth rate (%) = (ln mean final wt - ln mean initial wt)/ no. of culture days × 100
3 Feed conversion ratio = dry weight feed (g)/wet weight gain (g)
Table 2.  Percent weight gain, specific growth rate (SGR) and food conversion ratio (FCR) of
Clarias gariepinus fed different levels of ascorbic acid.
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In the present study, external scar forma-
tion appeared six days after wounding. Lim and
Lovell (1978) found that all wounded fish
showed external wound healing after 10 days
irrespective of ascorbic acid levels. This can be
attributed to the size and age of the fish, degree
of damage, temperature, nutrition and stress
factors that affect wound healing in fishes
(Halver et al., 1975).
Eya (1996) found that “broken-skull dis-
ease” and higher mortality in C. gariepinus are
caused by ascorbic acid deficient diets. This
phenomenon holds true in the present study
where C. gariepinus fed the ascorbic acid defi-
cient diet had slow growth and poor feed con-
version. Works by Durve and Lovell (1982) and
Li and Lovell (1985) for Ictalurus punctatus,
Hilton et al. (1978), Halver (1979) and Sato et
al. (1982) for Salmo gairdneri, and Mahajan
and Agrawal (1980) for Cirrhina mrigala
obtained similar results in terms of ascorbic
acid requirements of other fish species. 
Eya and Mgbenka (1990) reported poor
growth, hemorrhages and tissue erosion on the
edges of the dorsal fins, operculum and pec-
toral spine in African catfish fed an ascorbic
acid deficient diet. Korean rockfish fed an
ascorbic acid deficient diet had scoliosis,
exophthalmia and fin hemorrhage (Lee et al.,
1998). Aguirre and Gaitlin (1999) reported that
red drum had reduced weight, lordosis, scolio-
sis and loss of equilibrium when fed an ascor-
bic acid deficient diet. 
Supplemental ascorbic acid is very unsta-
ble in fish diets and considerable losses have
been reported after processing and storage
(Hilton et al., 1977; Sandness and Utne, 1982).
Ascorbic acid is extremely sensitive to heat and
easily degraded during feed processing and
storage. The leaching rate of ascorbic acid is
rapid in water since it is highly water soluble.
This may lead to an insufficient supply of ascor-
bic acid, reducing the performance of aquatic
animals. Many attempts have been made to
produce stabilized derivatives of ascorbic acid.
Microencapsulation of free ascorbic acid
increases stability to the rigors of pelleting and
storage and reduces leaching in water but does
not reduce digestibility. Microencapsulated vit-
amin C has been introduced to the market
recently under the trade name ENCAP C-70. It
has a minimum ascorbic acid content of 70%.
After one month of feed storage, ascorbic acid
retention in the diet was about 60.7%.
Leaching losses of ENCAP C were reported to
be 13.0% (Gold Coin, Singapore).
Histological examination revealed that, at
14 days after wounding, fish fed diets without
ascorbic acid had a normal epidermis and der-
mis but muscle tissues were still regenerating,
whereas fish fed diets containing ascorbic acid
had a normal epidermis, dermis and muscle tis-
sues. The present study suggests that more
than 0.06 g AsA/100 g of microencapsulated
dietary ascorbic acid is needed for faster
wound repair in African catfish.
Rapid wound healing is especially impor-
tant in the intensive culture of African catfish.
This species behaves aggressively, has no
scales and has pectoral spines that can inflict
wounds especially at high stocking densities.
Based on these results, ascorbic acid in
microencapsulated form can effect fast wound
repair in C. gariepinus at 0.10 g AsA/100 g.
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